— ee eee 


931 





LUBRICATION 


FOR 


AIRPLANE ENGINES 


PREPARED IN THE OFFICE OF 
THE DIRECTOR OF AIR SERVICE 


August, 1919 





WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1919 


Sar 


OMS -ste me tere so 


tts= 


Ar raze 


pes tee 


Se LAN RP NE ete em 


+ 


2538 OW? AEA Bors? 


eH 
Z, 
fa 
a 
m4 
fe 
5S 
12] 
A 
4 
: 


f 


— 
oD 
co 
o 
qo 

~~ 
gx 
| 

a) 

SZ) 

° 

Q 


djutant General 


Fhe, 


Office of The 





WAR DEPARTMENT, 
Wasuincton, August 4, 1919. 
The following publication, entitled “Lubrication for Airplane 
Engines,” is published for the information and guidance of all con- 
cerned. 
[062.11, A. G. 0.) 
By orpER OF THE SECRETARY OF War: 


PEYTON C. MARCH, 
General, Chief of Staff. 
OFFICIAL: 
P. C. HARRIS, 
The Adjutant General. 








CONTENTS. 





Page 
DOL UP OS fo eee Ss ia i ese is 7 
Examples of the different classes of bearings on aviation motors________ 8 
SCONE SUPTNCOS . ee 2 oe ee es ee 9 
EN UI Pee 2 ee re ea ee ee ee ee 10 
MUD CP ClOM se ee ee ee 11 
Cohesion*petween Surfaces. 2-2 12 
Ue eee ee eee 13 
Lubrication niter: periods of idleness. 2220. ee 14 
ie well-lubricited) Dearing. 22S ee ee 14 
Ale GNiCKNeCSS OL, c08 Ol TM = ee er ee 15 
Bearing space -to: bé lett. foram oll film. ee ee 16 
The special ease of.the:wear of ball bearings. 3. 17 
Requirements in the mounting of a ball bearing________-______-_____ 18 
BIGUE GID Se OT SLC MERINO ee ee ee Rnb medi 5 GA 19 
Soft alloys or-swhite’ metal for-bearings__.__._.._.__._...._-_ 20 
OSE ThOnetis ed. DCN TINE SUMINCO Sao sce mcienew renee cee ee ee 20 
Bressunes Of SluD ri CHits ne oo eee 20 
DANG] ALE) Me E0024 | et en eee ae nO Seeman Mw ME Ele 22 
Periodicechnneine Of motor Ol. 2 = es ee ee ee 23 
Eitect-ot-poor easoline upon Oooo) 88k ee 23 
Wold wveatiier= procedure: se ee 23 
AE ASCOT Olas es ee ee Sete ee 24 

J 


EP AEE ANS be 5 PE 


tee ee Oh ce nee we 


= Oe ee ie ats 


r 


fe thee. 


AS tee 


er a: er | 


“wae 


Seaport Ase 


: 
4 
§ 
! 
i 
. 
: 
i 
' 
€ 


rad 





THE FUNDAMENTALS OF LUBRICATION. 


BEARINGS. - 


Machinery bearings are the parts of the bed, frame, or other mem- 
bers that constrain and sustain the rotating or moving parts, such as 
shafts, spindles or reciprocating members. For the convenience sof 
study, it is best to divide them into two general classes: 

Class I. The journal bearing.—A type of bearing where the Tend: 
ing acts at right angles to the axis of the shaft. This type of loading 
is termed “ al ” Joading. 


Class II. The thrust SOMA. —<A type of bearing where the load- 


ing acts parallel to or along the axis of the shaft. Such a loading is 
simply termed a “ thrust.” — 
In Figure I is 


depicted a plain : as 
journal bearing, - = ; 
‘thé “bearing «sure: "72 ae coe \< safes 


f f which is (C@=== = sonia : 
ace of which is 3 | 
necessarily circu- v_ cr em ee ‘ 
lar in cross scc- 
tion. In profile it 
is ordinarily cy- 
lindrical, but may 
be some other spe- 
cial shape to ac- : 
commodate special cases. On the other hand, it will be noted by 
viewing Figure II that the thrust bearings are ordinarily 2 but 
also may be of special shapes. 

Observation of a number of bearings discloses that both Class 
I and II, above described, may be divided into two subdivisions 
each. This is by reason that some bearings have sliding contact be- 
tween their surfaces, while others have rolling contact.. The shop 
mechanic usually refers to bearings of the sliding contact kind as 
“plain” bearings, while those of the rolling contact type. he refers 
to with some special term as “ ball bearings,” “ roller bearings,” ete. 
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Pr IGURE I. 
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scoring the cylinder wall. 
Axis or endwise travel is 
prevented by a simple : 
thrust bearing. Another very good case of thrust bearing is that ex- 
hibited by an aviation motor; take, for instance, the tractor type en- 
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Thus a journal bearing may be a plain, ball, or roller hearing; like- 
wise a thrust bearing may be a plain, ball, or ‘foller bearing. Vi igures 
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III and Iv indicate 
some of the common 
applications of bearings 
of rolling contact. 

It is readily noted 
that the bearing sur- 
faces of all ball bear- 
ings, both of the radial 
and thrust types, are 
ordinarily curved sur- 
faces with a ‘circular 
cross section. ‘The me- 


chanic terms these special surfaces “races.” Less commonly the 
surfaces for bearings of rolling contact are flat. | | 


EXAMPLES OF THE DIFFERENT CLASSES OF BEARINGS: ON AVIATION MOTORS. 


The motor offers many good examples of the plain journal bear: 
ing. The piston pin through the piston, the crank pin-and main 
crank shaft bearings are all ee examples of plain nee bearings 


with circular cross section 
and. cylindrical profile. It 

can be recalled that a num- 
ber of types of piston pins 
are “full floating,” free to 
turn in both the piston 
bosses and upper bearing 
of the connecting rod when 
the: engine is at operating 
temperatures. Such types 
of pins must be prevented 
from traveling endwise and 








FIGuReE III. 


gine. ‘The propeller rotating rapidly exercises a strong forward pull 
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on the crank shaft, and the crank shaft must be prevented from travel- 
ing forward in obedience to this pull. The thrust bearing that prevents 
the crank shaft from moving endwise is generally of the rolling contact 
class, usually a ball bearing at the propeller end of the crank case. 
Still further, on the aviation motor, are many examples of thrust 
bearings, cases where bearings: take the thrust of helical, spiral, or 
worm gearing. When the “driver” of such a set of gears gives 
notion to the “ follower” an end thrust is imparted to the follower 
gear shaft and a thrust bearing must be provided. This is also true 
of bevel gearing which is so ire- 
quently found in the cam shaft driv- 
ing units of overhead cam shaits. 


BEARING SURFACES. 


All bearing surfaces are espe- 
cially prepared in this way; made 
smooth and free from irregulari- 
ties that would tend to interlock 
when one surface engages the other. 
It may be said that they are spe- 
cially “ polished” surfaces, though 
the word “ polished” does not fully 
express the idea it conveys, as 
verv irregular surfaces may be 
polished. For instance, a plain journal bearing consists of the con- 
act surfaces, (1) the journal, and (2) the mating bearing metal, usu- 
ally called the “bearing shell” which “runs against” the journal. 
The journal must not only be polished but must be truly circular in 
cross section. If this cross section is slightly oval, “ egg-shaped,” or 
deformed in any other guise, it will cause alternate pinching and wear 
on the shaft. Thus, when it is said that a bearing is made up of 
“ prepared ” surfaces, it means that the surfaces must reach a certain 
. mechanical perfection of trueness as well as smoothness of polish. 
The smoother the polish a metallic surface has the more perfectly it 
will reflect light rays, hence the word “ polished” applies in this 
respect. The eyesight can, therefore, detect the condition of the 
journal as to a portion of its surface, but the micrometer must be 
used to predetermine the accuracy of its cireular cross section. All 
bearings that bear a good polish are not perfect bearings by any 
means. This latter. statement is particularly true of all bearings 

131656—19——2 
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having rolling contact, like steel balls of ball bearings and the rollers 
of roller bearings. They must be inspected and examined for the 
two conditions—the surface condition, as well as trueness of me- 
‘chanical form. ° 

One more thing may be said in connection with the so-called pol- 
‘ished surface; that is, it is not as smooth as it appears. The eye- 
sight is unable to discern the thousands of irregularities that even a 
low-powered microscope shows to exist upon a polished surface. By 
this statement is meant simply that if a microscope is trained upon 
a highly polished surface, the surface will look exceedingly rough, as 
the metallic structure of the metal will present many uneven areas 
showing small hills and valleys that might be compared favorably 
to the somewhat rough, though flat, appearance of a newly sand- 
papered piece of lumber. This is so noticeable that if a highly pol- 
ished silver spoon is held in one hand and rubbed with a silk hand- 
-kerchief in the fingers of the other, the silk handkerchief will be- 
come darkened wherever contact is made with the spoon. The dark- 
ened areas on the handkerchief are not “ dirt,” but many thousands 
of minute mountain peaks that have been rubbed off of the silver | 
surface, which to the eye looked glasslike in smoothness. The rub- 
bing away of this metal with the handkerchief is wear, consequently 
one polished surface coming in contact with another surface brings 
about enormous amounts of wear, the discard metal being in the 
form of cuttings, dust, or minute granulations. In reality, wear of 
_ this kind is the arch enemy of all machinery. If it could successfully 
_-be prevented, carefully designed machinery capable of no physical 
breakdowns would practically last forever. Wear, therefore, does 
more to harm machinery than any other known cause. Anything that 
_ will tend to prevent or lessen it will lengthen the life of the ma- 
_ chinery greatly. 
FRICTION. 


Literally speaking, friction is the resistance met with when one 
surface is slid upon another. It is the resistance to the motion between 
contact surfaces which produces wear. It is in opposition to all mo- 
tion or progress of weighted, moving bodies, and in mechanics be- 
comes a huge item. It is due to friction that wear takes place, or 
probably more correctly speaking, wear and friction operate hand in 
hand, one being the direct result of the other. The reason for fric- 
tion is always very apparent to anyone who has viewed a piece of 
metal with a microscope, even though the metal surface may be 
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magnified only 200 diameters. All metal is crystalline im_ struc- 
ture, the crystals joining each other on surfaces commonly called 
“cleavage planes.” Whenever the metal is forced to endure a stress, 
a slight movement of the crystals along these cleavage planes imme-. 
diately produces an irregular surface on the metal. No matter how 
highly polished, therefore, a metal surface is, and no matter how 
smooth it may feel to the touch, it nevertheless presents thousands of 
little irregularities which are either a slight “step up” or a slight. 
“step down” upon all magnified surfaces. If this metal surface has 
to receive a load, the stresses supporting the load may oreatly in- 
crease the irregularities. Hence if two metal surfaces are brought 
to bear against each other while supporting a load, the irregularities 
on the surfaces will interlock. If one surface is moved against the’ 
other, much tearing and rending of the irregularities on both surfaces 
will take place. Little crystals will be bodily torn out, distorted, or 
cut by the grinding action that takes place between the surfaces. 
Different metals and metal alloys being of different crystalline struc- 
ture, present different formations on the contact surfaces, some pro- 
viding more opportunity for interlock and some less. Some metals 
are, therefore, better “bearing” metals than others. Many metals 
of desirable qualities in this respect will not sustain normal ma- 
chinery loads without squashing and can not be used. Fortunately, 
on carefully prepared metal surfaces, fit to be termed “bearing sur- 
faces,” irregularities on any one surface rarely are more than 0.0002 
of an inch in height. If two mating surfaces, therefore, are sepa- 
rated 0.0005 of an inch apart, the highest irregularities on either one 
would not touch or make contact. Of course, two surfaces can not 
be held apart in this manner without some intersupporting medium, 
and since such a supporting medium would offer a certain amount of 
friction, it becomes apparent that motion is impossible without friction 
in greater or less proportions. It is apparent that friction will always 
act in a line whose direction is directly opposite to the line of move- 
ment or motion. If a surface be curved,'such a line would be tangent 
to the curved surface at any given point considered. eset 


LUBRICATION. 


Lubrication is frequently defined as the act of introducing some 
substance, for example, oil, between two rubbing surfaces to reduce 
the friction and wear that would otherwise occur. The exact defini- 
tion of the word means “the act of making smooth or slippery.” A 
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lubricant is usually said to be any substance that lubricates, and in 
this instance would be any substance which could be introduced 
between two contact surfaces tending to reduce wear or friction. 
This would be impossible unless the substance so introduced possessed 
the property to hold weighted surfaces apart so that their irregulari- 
ties would not interlock or come in contact. Consequently all true 
lubricants capable of performing the act of lubrication must have 
film-making properties. Most common lubricants are in the form of 
a liquid and when applied to a metal surface will form a film over 
the surface, which in itself will support considerable weight. For 
example, if two metal blocks having flat, prepared surfaces are fitted 
together until the contact is very intimate between the mating sur- 
faces, and the distance, 8, 
Figure V, be measured, 
this distance will be 
found to be anywhere 
from 0.0005 to 0.001 of 
an inch more after a film 
of oil is introduced be- 
tween them. The thick- 
ness of this film of oil 
will not be appreciably 
lessened between the two blocks by the additions of several hun- 
dred pounds to the square inch pressure on the blocks. Naturally 
a lubricant will offer some friction due to the resistance of the 
particles composing the lubricant moving over each other. A 
lubricant is, therefore, capable of producing much wear if it be 
dirty; that is, contains much suspended matter, such as parti- 
cles of carbon, worn parts of metal, etc., and the internal friction of 
such a lubricant becomes very great indeed. Wear on the metal 
surfaces supported by a film of such character is very rapid, due to 
the friction created wholly by the dirty lubricant. Good lubrica- 
tion signifies that the film produced must be as free of internal fric- 
tion as possible, and yet be capable of supporting the usual bearing 
loads, thereby preventing contact between moving surfaces. 





FIGURE VY. 


COHESION BETWEEN SURFACES. 


- Besides the action of friction and wear, both of which are due to: 
minute irregularities upon metallic surfaces, as considered in this 
article, there is a further condition aiding friction which must be 
treated under the subject of lubrication. This is termed “ cohesion.” 
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When two prepared metallic surfaces become so nicely leveled off 
that they set very close together, the distance between the particles 
of one piece and the particles on the surface of the other piece 1s so 
little that. a force known as molecular attraction becomes decidedly 
evident. This is the force that binds all of the particles of a mass of 
metal together. It is due to this force that it is possible for a black- 
smith to make a weld. It will be recalled that whenever a weld is made 
between two pieces of steel the union is effected by heating both 
pieces to just about the fusion point, placing one on top of the 
other and then striking a heavy blow with a hammer. The metal is 
in a plastic state and irregularities of the one surface are made to 
conform intimately with the irregularities of the other. The dis- 
tance between particles become practically negligible if the metal is 
plastic enough or the blow heavy enough, hence the two pieces are 
welded, or, due to the force of cohesion, are held together. Another 
example of this tendency of two closely fitted surfaces to cling to- 
gether is to take a small piece of lead, cut it in half with a clean, 
straight cut, and take the two pieces thus formed and press the bright 
surfaces tightly together for an instant; they will be found to cohere. 
Dependent upon the amount of pressure applied to the plastic metal 
in.this case, the force of cohesion will be found to be relatively pro- 
portional to it and may become very great indeed. A still further 
example is to be noticed in everyday work at the bench. If the oil 
is cleaned from two surface plates and a little ight naphtha placed 
on the pates instead, then if the two plates be laid face to face the 
light naphtha will provide a thin lubricating film for a brief time, 
and one plate can be slid with more or less ease across the face of 
the other. As the naphtha starts to volatilize the plates will com- 
mence “seizing.” Finally considerable force will be required to dis- 
engage one plate from the other. It is very evident, therefore, that 
nicely fitted metal surfaces, even polished to extreme smoothness, 
must be kept apart, otherwise the action of cohesion will greatly add 
to the force of friction. 
SEIZING. 


It has been pointed out that lubrication consists largely in holding 
two rubbing surfaces far enough apart by the use of the lubricant 
to prevent friction, cohesion, or wear. Experience has taught me- 
chanics that an oil film is preserved best upon machinery in motion 
with the correct amount of the lubricant being constantly fed to the 
bearing. If a piece of machinery, therefore, is allowed to remain 
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at rest long enough for all the oil to drain out or be squeezed out of 
its bearings, thus permitting the rubbing surfaces to come in inti-. 
mate contact, the engine will “seize.” This binding is partly due 
to cohesion between the surfaces and partly caused by the bearings 
being dried of lubricant. At any rate, engines that have stood in. 
storage or have been allowed to stand for any length of time with- 
out occasionally being turned over will seize so firmly that considera-. 
ble effort is required to start them. Pistons of gasoline engines in. 
particular are known to seize the cylinders sometimes so firmly that 
the engine can not be started without dismantling parts of it. In. 
this case some of the seizing is undoubtedly due to a slight oxidation 
of the metal from gases generated in the combustion chamber. 


_ LUBRICATION AFTER PERIODS OF IDLENESS. 


As has been stated, it is frequently observed that after a machine 
has been idle for some time, it “starts hard.” The bearings are 
“ stiff.” Experience has shown that though it may be very difficult: 
to press out the lubricant with very heavy loads on even small areas’ 
during proper application with motion, still the thickness may be: 
much reduced if the bearing is idle fire any considerable length of 
time. Thus when a machine is started after a long shiuodownt the 
frictional resistance in its bearings is more nearly that of dry unlu- 
bricated surfaces, though plenty: of the lubricant may be present. 
This fact shows the necessity of carefully oiling a machine before 
it is started and allowing it to run very slowly at first until it has” 
well-developed oil films on all bearings. If this is not done, the 
surfaces of journals and bearings may be in such close contact that 
abrasion will take place before the lubricant remaining in the bear- 
Ings can be distributed and a film established. 

Most periods of idle standing come at the time of repairing or 
shipping of motors, and it is following such periods that frequently. 

“start up” is made with too auch hurry to be consistent with 
sSbek oiling. A desire to see “her” run, or to test “her” out, 
seems to precede the ee precautions in ena to lubrication. 


THE WELL-LUBRICATED BEARING. 


Priecsllent lubrication can only be obtained by a plentiful supply. 
of oil under suitable pressure, as by an oil bath, “flooded lubrica- 
tion,” and the best arrangement of oiling grooves. The old idea 
of oiling a bearing by a squirt can through an oil hole, by sight. 
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feed oil cups, syphon oil cups, pads or compression grease cups, can 
only be imagined as producing imperfect lubrication. 

The best condition for a bearing to be in, and unfortunately the 
~yarest, is, of course, well lubricated. This means a plentiful supply 
of the lubricant. When this condition prevails the surfaces of the 
bearings are definitely separated by an oil film, and the frictional 
resistance is the resistance offered only by the rubbing action on this 
film. lee 8 

As the pressure on the journal under ordinary conditions has a 
definite direction, a direction tending to press the journal to one side 
of the bearing, the space between the journal and the bearing 1s less 
at the point opposite to the loading pressure. This means that the 
space between the journal and the bearing is a wedge-shaped ring. 
The action of the journal, as it rotates, is to take oil from the region 
of least pressure and carry it into the region of greatest pressure. 
This action is sufficient to suck oil against considerable head. This 
continual drawing in of oil preserves the film, and at the same time 
necessitates the doing of a certain amount of work in transferring 
the oil from one point to another in the bearing and in overcoming 
its own fluid resistance. Thus oil applied to a bearing will develop 
and maintain a film, but a certain amount of time is required for 
film development. 


THE THICKNESS UF AN OIL FILM, 


Many experiments have been made to determine the thickness or 
an oil film, but the data in connection with these experiments can not 
be logically given unless the exact circumstances surrounding any 
particular experiment are likewise given. Different oils have differ- 
ent film-making qualities. The loads and pressures per square inch 
on journals have been found to influence. also the thickness of a film, - 
but not greatly, unless the conditions are abnormal. For aviation 
‘motors of the stationary type, however, oils have been evolved that 
are very similar in character, at least in the film-making qualities 
as they pertain to journal bearings. These oils are such lubricants 
as Mobiloil B, Mobiloil A, Havoline, Monogram, etc. Experiments 
on these oils, of course, have reached high importance in aviation 
- bearing-fitting work and they all tend to show: : 

' (a) That the thickness of an oil film on starting a well-lubricated 
bearing with normal loading lies between .0009’’ and .0013’’. 

(b) That when the speed of the journal is between 1,200 and 1,800 

R.P.M. the film develops to a thickness of .0017’’ and .0022”’. 
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_ It is reasonably safe to say that the approximate thickness of an 
oil film for normal aviation motor speeds is around 0.002 of an 
inch.. The thickness of this film and its ability to maintain itself is 
bound to change with temperature and the mechanical pressure per 
square inch used upon the oiling system. 


BEARING SPACE TO BE LEFT FOR AN OIL FILM. 


Much has already been said in foregoing articles about the neces- 
sity of providing space around the journal for an oil film, and Fig- 
ure VI, opposite, shows 
the characteristic shape of 
this film between a jour- 
nal and the bearing shells. 
It is very interesting to 
note that the film is not of —- 
constant thickness entirely D\\\ 
around the journal, but, 
due to the motion of the 
journal and the direction 
of load, an eccentric- © 
shaped space develops. The nearest point of approach is not 
diametrically opposite the point of greatest load, but at a posi- 
tion near B, as indicated in the figure. Since the rotating jour- 
nal performs a certain amount of mechanical work upon the oil, 
the point of greatest oil pressure is at C; therefore, considering the 
load, the supporting oil film is thickest at C. This point is spoken 
of as the “off side” of the bearing. Even the circumstances as 
pointed out in this figure can be altered more or less by the pressure in 
pounds per square inch used on the oiling system and the point of 
delivery of oil to the bearing. For instance, if the pressure was very 
high on the oiling system and the delivery was made to a bearing at 
the point of nearest approach, the “on side” of the bearing (near 
B), there would be a tendency to “ float” the journal concentrically 
with reference to the bearing shells instead of eccentrically as is 
shown in exaggerated sense in the drawing. It is very apparent, 
however, the bearing shells must not fit too closely to the journal, 
but that the journal must be floated by the oil film between it and 
the shells; hence the nearest approach of the bearing to the journal 
would be the minimum thickness of the oil film which should be 
capable of preventing actual contact. This is far from bringing the 
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bearing snug against the journal. In fact, if the whole matter is 


summed up, space has to be left for the following: 


(a) Room for the complete development of an oil film. | 

(6) Added space for flowage of oil across the face of the bearing 
and‘journal. — | 

(c) Added space for slight expansion due to heat of small high- 
speed journal. | 3 

Unless careful consideration is given the above items in the fit of 
w bearing to a journal, the journal is very likely to undergo seizing 
and cutting, with additional friction when operating under its full 
speed and load. So many mechanics have been taught to fit the 
soft-metal shells, like the babbitt shells of white-metal bearings, a 
snug fit to the journal, that it becomes very difficult to make them 
realize that considerable space is needed for the proper freedom: of 
motion of the journal when at the abnormally high speeds and loads 
that an aviation motor operates under. On the automobile engine 


_ the bearings usually have about 15 per cent the duty to perform that 


is expected of a similar bearing on the aviation motor. Conse- 
quently it is quite customary to scrape bearings on an automobile 
motor and fit them just snug to the crank shaft. By the time the 
high points, due to the imperfections in the scraping process, have 
worn off, there is just space enough for a very heht oil film around 
the journal. Since oil is usually fed to this kind of journals by 
the splash system of lubrication (no pressure being used), this proc- 
ess provides just enough space for the sluggish movement of the oil 
over the bearing. However, all bearings of this type, it will be 
noted, have large generous oil grooves provided over a large per- 
centage of the surface. In the high-speed, full-duty engines, like 
the aviation motor, the minimum clearance for the operating jour- 
nal in a bearing of about 2 to 24-inch diameter is 0.002 of an inch. 
With increase of pressure on the oiling system or increase in th 

size of the journal this clearance will increase likewise. : 


THE SPECIAL CASE OF THE WEAR OF BALL BEARINGS. 


Sliding bearings wear out by abrasion of the carrying surfaces, 
but ball bearings do not give out on account of this type of wear, 
In fact, they do not wear. ‘They may be ground out by admitting 
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grit, but that is an abnormal condition for ball bearings, the same 
as it would be for sliding bearings. The only normal cause for the 
giving out of ball bearings is the stress on the material when this 
stress exceeds certain limits and breaks down the actual structure 


of the metals in contact. Lightly loaded bearings can be so de- 


signed :as to eliminate this cause altogether and to insure practical 
indestructibility. In heavily loaded bearings this condition may 
i0t be possible to realize within practical dimensions, but the pro- 
portions may be so chosen that the stress will not cause a breakdown 
within the lifetime of any mechanism to which the ball bearing is 
applied. An important principle in the design of ball bearings is 
that the ball may be subjected to loads, increasing as the shape of the 
supporting surface more nearly becomes complemental to that of 
the ball. A ball running between races having a flat or straight 


line across section will not support as great a load as if the section 


were curved, or, in other words, if the balls were running in a 


groove. The groove, of course, must never have a curvature equal- 


ing that of the ball, as that would substitute sliding for rolling 
contact. ‘ 


| REQUIREMENTS IN THE MOUNTING OF A BALL BEARING. 


The following requirements are placed on correctly mounted ball 
bearings: | 

(a) The proper size must be selected for the load and conditions: 
in question. Rated capacities are usually for steady loads and speeds,. 
but variations from these conditions demand a cutting down of the 
listed capacity. 

(b) Bearings must be lubricated. The often: repeated statement 
that ball bearings ean be run without a lubricant is not correct. 

(c) Bearings must be kept free from grit, moisture, and acid. xo 
ee icants developing free acids should be permuad: 

(d) The inner race of the bearing should be firmly secured to the 
shaft, This can be done by a light- dri iving fit, reinforced by binding 
the race between a substantial shoulder ite a sine 

(e) These conditions should under all circumstances be adhered to,. 
and a failure to do so will result in very unsatisfactory bearings. 
The two following conditions are e frequently disregarded, and inile 
the disregard of these conditions is not so serious as of those men- 
tioned before, it is safe engineering to follow them, and a disregard 
of them is a standing invitation to trouble. 
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(f) Thrusts should always be taken up whether in the same or 
opposite directions by the same bearing. 

(7) Bearings should never be aicmambered! or at least never more 
than one ata time. That will avoid all daveer of mixing the balls 
from different bearings. The balls from aimecent bearings are very 
apt to vary more than is permissible for the individual bearing. 


MATERIALS FOR BEARINGS. 


Probably nothing in connection with bearings has a wider discus- 
sion or a greater amount of experimental investigation than the 
materials from which they are made. All of this implies that it is a 
question of importance; yet its degree of importance is determined to 
a great extent by the nature and quality of the lubrication that the 
bearings will receive when in use. Thus, if the bearing surfaces can 
be kept separated by a film of oil, the wear is the wear of the oil 
particles and not of the surfaces of the bearing and its journal. The 
principal requisites for the materials are that they should have suffi- 
cient mechanical strength to sustain the pressures to which they are 
sugjected, and that fee should tend to remain smooth and to con- 
form to each other under the rubbing action, thus maintaining the 
conditions necessary for the fooniation of the oil film. 

_ The best authorities on bearings state that a good bearing should 
have the following requisites: 


(a) The metal must have strength enough to sustain its load. 

(4) It must not heat rapidly. : 

(¢) It must work well in the shop. 

(zd) It must show a small coefficient of friction. 

(e) It must give a large amount of service with a small loss of 
metal by wear. 

(7) In general, it must be dissimilar to the metal of the journal 
with which it is to run. 

Lhe last item above is generally true, except in the cases of hard- 
ened steel against hardened steel, and cast iron against cast iron. 
There seems to be no entirely satisfactory reason for the use of dis- 
similar metals as bearing couples, except that it is claimed that wear 
is more rapid and Pieuan greater when the journal and its bearings 
are made from the same material. It is possible that cohesion as 
something to do with it. Cast iron against cast iron is the great 
exception to the disuse of like metals. 
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SOFT ALLOYS OR WHITE METAL FOR BEARINGS. 


Almost all crank-shaft bearings are made of a babbitt or white 
metal whose most common constituents are tin, lead, and antimony. 
This class of metal is readily distinguished from a bronze or brass, 
in that it can be melted and poured in an ordinary ladle. This is 
one of the governing reasons for its use as a bearing metal. It is 
easily melted, easily poured and run, easily anchored in place in its 
shell, has good antifriction properties, and may be poured around the 
journal with which it is to run, although this is not the approved 
practice. Usually for the aviation motor the metal is die cast under 
pressure to nearly the exact form of the finished bearing shell. The 
shell is then first fitted and anchored to its holder and finally fitted 


by reaming or scraping to the journal. By this precess bearings are 


easily renewed, as additional bearing shells for any given bearing of 
the motor can be purchased from the manufacturer. 


CAST IRON AS A BEARING SURFACE. 


Many motor pistons run upon a cast-iron cylinder wall or a cast- 


iron sleeve fitted to the wall. This practice has many advocates as 


well as opponents, but they both concede that cast iron under certain 
conditions will take on a hard glaze that makes a splendid wearing 
surface. This glaze is so hard that it will resist the cutting edge of 
a scraper. Furthermore, cast iron is porous and absorbs oi]; thus, 
to a degree, becoming self-lubricating. It is granular in structure, 
and in wear it rubs off in minute particles. Other advantages are 
the éase with which it is handled in the foundry and machine shop, 
and its cheapness. 

~The objection is summed up by saying that it is a treacherous 
metal. After glazing, the bearing is very permanent and has great 
resistance to cutting; but before the glazing, if cutting is once started 
it takes but a very short time to ruin the bearing. With an assur- 
ance of adequate lubrication, the case against cast iron as a bearing 
metal would at once break down. This again emphasizes the great 
necessity of careful lubrication before starting the motor and initial 


slow running. 
PRESSURE OF LUBRICANTS. 


The following is taken from G. E. A. Hallett, Airplane Motors, 
LOE: : 
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Therefore it has been found possible to maintain the oil film by the use of a 
large volume of oil pumped through the bearings under very high pressure; but 
space must be left in the bearings for this oil film, and also it is necessary: to 
leave space and clearance in the bearings so that oil can be pumped through., 

You can easily imagine that a heavy film of oil could not. be foreed through 
a bearing which had only a thousandth of an inch clearance. Motors using 
these. high-pressure systems frequently have. the bearings from two thousandths 
to four thousandths of an inch loose, thus allowing the crank shaft to run on. 
an oil film, instead of on babbitt metal. This means less friction and ees wear 
on the bearings, but it requires a high oil pressure. | 

I can now point out that in deciding how tight to adjust the menting of a 
motor we must first consider the nature of the oil system. If we have a high 
oil pressure system, we can fit the bearings: quite loosely. In. facet, we must: fit 
them. loosely or excessive wear and excessive oil pressure will result. But 
should we have a motor using a splash system or very low pressure we could 
not leave the bearings loose, because if we did the bearings would hammer out 
quickly. With such lubrication systems we must adjust the bearings closer. 
* * * Nearly all of our modern airplane motors use the high oil pressure 
system, generally having a gear pump in the crank case which acts as an oil 
distributor. Sometimes the cam shaft is used for this purpose. In any case,, 
we find oil ducts: leading from this tube to the main bearings of the crank 
shaft, and here we must see to it that the oil holes in these bearings register 
with the oil holes in the crank shaft, as oil is usually expected to flow into the 
crank shaft through the arms of the crank, out of the crank pins and connecting- 
rod bearings. * * * The old motors always had dip pans. or splash pans ar- 

ranged under the crank shaft in such a w ay that the connecting rods could dip 
into the oil and splash it to all parts of the motor, but as the airplane motor 
operates in all positions, such systems proved unsatisfactory. * * * 

Our modern engines have no splash pans and have a pump which. wilt keep all 
excess oil drained from the crank chamber, and usually have a small-oil pump 
under the crank case, but not connected to it, in such a way as to allow the ‘oil 
to flow into it. In other words, the oil is pumped into the lubrication‘ system 
and the crank case is constantly pumped dry, so that there will be no aecummula- 
tien. of oi] in the crank case, which might flood the eylinders in the ease of the. 
motor operating in extreme positions, 


From the above it is apparent that the whole theory of modern 
high-speed motor lubrication is based on the principle of “ floating ” 
‘hie journal on its bearing by a combination of oil film and oil pres- 


sure. The oil-pressure ne differs quite largely amongst he leading 
makers, for example: 


Usual oil pressures. 


Haleseottanotors... - 10 pounds to the square inch. 

PibeElyanotors- te OR tag pounds to the square inch. 
CUntisstmotors 5 ete Fe 50 to 60 pounds to the square inch. 
Hispano-Suiza (American motor) __________ 40 to 65 pounds to the square inch. 


Hispano-Suiza (foreign motor)_____________ 60 to 75 pounds to the square inch. 
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| Lae Bed OF OIL. 


The general physical characteristics of the oil need awe Q& or rode 
deal to do with the success of lubrication. The desirable qualities of 
a good aviation-motor oil might simply be expressed as follows: 


(a) Body sufficient to prevent the contact of surface under max- 
mum pressure. | | 
(b) Best possible fluidity 1 in keeping with the above condition. 
_(c) Coefficient of friction as low as poss pie: especially fluid 
wieiae 
-(d) A good capacity for storing and carrying away heat. 
_(e) Capability of resisting high temperatures without decompo- 
sition. ; 
_ (f) Power to resist the usual oxidizing action of the atmosphere. 
--(g) Freedom from any corrosive action on metals. 
' The above different properties are more or less well determined by 
making tests in the following order: 
(a) If possible identify the oil—whether mineral, erable: ani- 
mal, or mixture. 
- (b) Make density test. 
“(¢) Make viscosity test. 
' (d) Make flash test. 
(ec) Make fire test. 
~ (f) Make acidity test. 
- (g) Determine, if possible, coefiicient of friction. 
‘(h) Make cold test. 


-It is shown by the above that only a specially trained man, an oil 
chemist, is fully qualified to test an oil. This statement is made to 
discourage the mechanic from applying what he may think to be 
satisfactory tests and by chance condemn a good lubricant. He, 
however, can carefully watch the ponfotance: of an oil in service 

and thus learn of some of its good or bad characteristics. 

' There are many chemical Aad physical tests that oils should be 
abicetad to before purchasing in quantities, but these tests can not. 
be made in field practice. A new oil must be observed closely in 
service before too much trust is placed in it, as it might require a 
different pressure or some different working counties that is at 
variance with the brand formerly in use. | 
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PERIODIC CHANGING OF MOTOR :$ OIL. 


The oil in the oiling system of a motor will have to be changed, 
depending upon the characteristics of the oil and motor combined, 
between the eighth and twentieth hour of flying service. This state- 
ment, of course, must be taken with limiting qualifications; it applies 
to the average stationary aviation motor. Most oil is never used 
cver 12 hours of service and is then subject to inspection and recla- 
mation. Oil removed from the crank case may be partly reclaimed 
by allowing it'to stand 30 hours in a‘tall bucket, then decanting off 
the upper two-thirds, filtering, warming to 150° F., and adding an 
equal volume of new oil. : | Bes PE ES 

Under the very best of conditions the oil wil! have to be carefully 
and thoroughly drained and fresh oil placed in thé crank case: or 
other container, for the simple reason that it becomes cluttered with 
worn particles of metal, dirt, and freed carbon which has worked 
down from the combustion chamber. The high temperatures of the 
combustion during the power stroke will “flash” some of the oil 
film upon the cylinder walls and change the nature of the lubricant 
by also freeing carbon and destroying its body properties. Oil 
cluttered with this free carbon and dirt has high-wearing qualities 
and introduces more friction and heat. It is the poorest kind of 
economy to try to use the oil too long. 


EFFECT OF POOR GASOLINE UPON OIL. 


Lhe quality of gasoline used in the motor has recently been found 
to greatly influence oil conditions, especially in cold weather. Some 
of the heavier distillates of gasoline composition, of the lower test 
varieties in particular, condense after reaching the combustion cham- 
ber of the cylinder if the cylinder is not up to proper heat. This 
condensed fuel finds its way down by the rings and pistons and 
mixes with the lubricants, greatly lowering their viscosity. So much 
does this happen, under favorable circumstances, that by merely 
“ feeling” of the lubricant after six or eight hours of service the 
change in body can be noted. 


COLD WEATHER PROCEDURE. 


in weather cold enough to congeal the oil it must be carefully 
drained from the motor the instant it is stopped following flight 
service. All delivery pipes or tubes must be equally carefully 
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emptied. Otherwise, when the motor is again started the oil cir- 
culating system would be impassable, the oil would be frozen,:~ It 
should be heated before replacing in and starting the motor, and care 
exercised that all passages are free and the. circulation: established: 
to every part before plane is allowed to fly. 


CASTOR OIL. 


Nearly all oils used are pure mineral oils, but occasionally a motor 
9 6 


will. be found. requiring a castor-oil compound, usually called 


“castor oil.” This class of oil congeals or thickens when used over 
and over again, as in the mineral oil systems; it has properties that. 
are distinctive to it and will be more fully discussed under the sub-~ 
ject. of “ Rotary motors.” 
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